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Recent Advances in the Management of Adenocarcinoma of the

Small Intestine

Michael J. Overman

ABSTRACT

Adenocarcinoma of the small intestine is a rare malignoncy with limited
data available to guide therapeutic decisions. Delays in diagnosis are fre-
quent and the majority of patients will present with advanced-stage disease
and either lymph node involvement or distant metastatic disease. Further-
more, the role of adjuvant therapy in patients who undergo curative resection
is unclear. Recent retrospective and prospective studies have helped to
clarify the optimal chemotherapy approach for advanced small bowel adeno-
carcinoma. The combination of capecitabine and oxaliplatin is highly
active, with a median overall survival of 15 months in patients with meta-
static disease. Further clinical studies in this rare tumor type are needed.
This article reviews the clinical features and evaluation of patients with small
bowel adenocarcinoma and focuses on recent advances in monagement.
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It is estimated that a total of 6,110 new
cases of small bowel cancer will have
been diagnosed in the United States in
2008! Historically, adenocarcinomas have
been the most common histologic subtype,
representing 30%—-50% of malignant small
bowel tumors. However, because of a steady
rise in the incidence of carcinoid tumors
over the past few decades, carcinoid tumors
are now the most common cancer of the
small bowel. According to the National Cancer
Data Base from 2005, the distribution of
histologic subtypes of small bowel cancer
were as follows: carcinoid in 44%, adenocar-
cinoma in 33%, lymphoma in 15%, and gas-
trointestinal stromal tumor (GIST) in 7%2
In contrast to adenocarcinoma of the
large intestine, the incidence of adenocar-
cinoma of the small intestine is approxi-
mately forty- to fiftyfold less common! This
difference occurs despite the small intes-
tine representing approximately 70%—80%
of the length and 90% of the surface area
of the alimentary tract® The rarity of the
disease has severely limited both clinical and
molecular understanding of this cancer.

ETIOLOGY

Little information is available regarding the
molecular etiology of small bowel adeno-
carcinoma, though similarities among both
genetic and environmental factors between
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large and small intestinal cancer have sug-
gested a similar process of carcinogenesis at
both sites. According to an analysis of the
Surveillance, Epidemiology and End Results
(SEER) database, patients who develop
either a small or large intestine adenocar-
cinoma are at increased risk for a second
cancer at either intestinal site? In addition,
the inherited genetic cancer syndromes of
hereditary nonpolyposis colorectal cancer
(HNPCC) and familial adenomatous poly-
posis (FAP) result in an increased risk for
both large and small intestine adenocarci-
noma. As seen with colorectal cancer,
diets high in red meat are associated with
an increased risk of small bowel adenocar-
cinoma, whereas diets high in vegetables
or dietary fiber have a protective effect®”
Adenocarcinomas of the small intestine
appear to undergo a similar phenotypic
adenoma-carcinoma transformation, as
seen in colorectal cancer®® However, in
contrast to the large intestine, adenomas of
the small intestine are rare!® Molecular
analysis of small bowel adenocarcinomas
has demonstrated the presence of high or
low microsatellite instability (MSI) in
approximately 20% of cases!* Methylation
of hMLH1 and either germline or sporadic
loss of mismatch repair proteins have all
been reported in cases with MSIM®
Therefore, as seen in colorectal cancer, a
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subset of small intestine adenocarcinomas
appear to be driven by defects in DNA
mismatch repair. Abnormalities in p53 and
KRAS are common, with p53 overexpres-
sion in 40%-52% of cases and KRAS
mutations in 40%-53% of cases'®'*'®

One of the most marked differences, in
comparison to colorectal cancer, is the in-
frequent rate of mutations in the adenoma-
tous polyposis coli (APC) gene. Chromo-
somal loss of bq has been reported in
10%-18% of cases, and mutations in APC
have been reported in 3 of 57 cases!*'*"’
Mutations in beta-catenin, another mem-
ber of the Wnt signaling pathway, occur in
5% of patients!®

A number of theories have been pro-
posed to explain the small intestine’s rela-
tive protection from the development of
carcinoma, but none have been definitively
proven. Proposed protective factors have
generally centered around two concepts.
First, the rapid turnover time of small intes-
tinal cells results in epithelial cell shedding
prior to the accumulation of genetic
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Table 1. TNM staging for adenocarcinoma of the small intestine

Primary tumor (T)

X Primary tumor cannot be assessed

TO No evidence of primary tumor

Tis Carcinoma in situ

T1 Tumor invades lamina propria or submucosa

T2 Tumor invades muscularis propria

T3 Tumor invades through muscularis propria into the subserosa or into the
extension 2 cm or less*

T4

nonperitonealized perimuscular tissue (mesentery or retroperitoneum) with

Tumor perforates the visceral peritoneum or directly invades other organs or
structures (includes other loops of small intestine, mesentery, or retroperitoneum
more than 2 cm, and abdominal wall by way of serosa; for duodenum only,
invasion of pancreas)

Regional lymph nodes

NX Regional lymph nodes cannot be assessed
NO No regional lymph node metastasis
N1 Regional lymph node metastasis

Distant metastasis

MX Distant metastasis cannot be assessed

MO No distant metastasis

M1 Distant metastasis

Stage grouping

Stage O Tis NO MO

Stage | T1 NO MO
T2 NO MO

Stage Il T3 NO MO
T4 NO MO

Stage IlI Any T N1 M1

Stage IV Any T Any N M1

Adapted from AJCC Cancer Staging Manual, Sixth Edition
*The peritonealized perimuscular tissue is for the jejunum and ileum, part of the mesentery; and for
duodenum in areas where serosa is lacking, part of the retroperitoneum

damage. Second, exposure to the carcino-
genic components of our diet are limited
due to a rapid small bowel transit time,
lack of bacterial degradation activity, and
the relatively dilute alkaline environment of
the small bowel. Recent molecular data re-
garding the low rate of APC mutations
support the hypothesis that the dramatic
difference in cancer rate between the small
and large intestine may relate to an inherent
resistance of small intestinal enterocytes
to the development of APC mutations and
subsequent adenoma formation’®

Further investigation into the molecular
abnormalities and carcinogenesis of small
intestinal adenocarcinoma is needed, as
such knowledge would likely provide in-
sights into the understanding of the much
more common adenocarcinoma of the colon.

EPIDEMIOLOGY
According to a review of 25,053 patients
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from the National Cancer Data Base, the
sites of small bowel involvement are as
follows: 56% duodenum, 16% jejunum,
13% ileum, and 15% not identified? The
incidence of small bowel adenocarcinoma
peaks in the seventh and eighth decades
of life, with a mean age of 65 years. Earlier
presentations are seen in those patients
with predisposing conditions such as
HNPCC, FAP, inflammatory bowel disease
(IBD), or celiac disease.

CLINICAL PRESENTATION

Symptoms of small bowel adenocarcinoma
are nonspecific and frequently do not
occur until advanced disease is present. A
number of retrospective studies have
noted delays in diagnosis ranging from 4 to
7 months!®? The most commonly reported
symptoms are abdominal pain, nausea/
vomiting, weight loss, and gastrointestinal
bleeding. Staging for small bowel adeno-

carcinoma is according to the American
Joint Committee on Cancer (AJCC) guide-
lines, which is based on the TNM staging
system (Table 1)?' The presenting stage
distribution according to the National
Cancer Data Base was stage | in 12%,
stage Il in 30%, stage Il in 26%, and stage
IV in 32%?2

DIAGNOSIS
Until recently, evaluation of the entire small
intestine was a challenge. A barium small
bowel follow-through has been the radio-
graphic gold standard for small bowel evalu-
ation. Limited retrospective data in patients
with advanced-stage disease have demon-
strated an approximate sensitivity of 60%
for the diagnosis of small bowel tumors 22
Cross-sectional imaging with either com-
puted tomography (CT) or magnetic reso-
nance imaging (MRI) provides useful infor-
mation regarding local-regional nodal
involvement or distant metastatic disease
but has limited ability to identify primary
lesions, with sensitivities in the literature
ranging from 47%—-80%%** The addition
of enteroclysis, which involves the infusion
of contrast material directly into the small
intestine via a nasogastric tube, or the use
of novel high-volume neutral oral contrast
agents, can result in improved sensitivity
for the detection of small bowel lesions, but
it is not widely available 2

Endoscopic evaluation of the small
bowel has been limited by the length of the
small intestine, which can measure up to
five meters. Push enteroscopy, which in-
volves the examination of the small bowel
with a long enteroscope, is generally only
able to visualize the proximal 150-200 cm
of small bowel. Double-balloon enteros-
copy is able to visualize the entire small
bowel, though it is time consuming and
only available at specialized centers. A
number of small studies using double-
balloon enteroscopy have reported the
identification of small bowel pathology,
including small bowel adenocarcinoma,
following extensive workups that have
included the use of wireless capsule
endoscopy?”?®

The incorporation of wireless capsule
endoscopy, first approved in the United
States in 2001, has allowed a much
simpler and improved method for evalu-
ating the lumen of the small intestine. This
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Study Time period

Table 2. Poor prognostic factors from multivariate analyses
No. pts

Multivariate factors

Small intestine

Bilimoria® 1985-2005

25,053

Age >bb years

Male

Black ethnicity

Duodenal or ileal location
T4 tumor stage

Lymph node involvement
Metastatic disease

Poor differentiation
Positive margins

Howe3* 1985-1995

4,995

Regional or distant disease
Age >75 years

Duodenal location

Poor differentiation

Dabaja® 1978-1998

217

Lymph node ratio >75%
Curative resection

wu® 1983-2003

80

TNM stage IlI/IV
Curative resection
Lymph node involvement

Agrawal®’ 1971-2005

64

T4 tumor stage
Non-curative resection
Metastatic disease

Duodenum

Rose®* 1983-1994

79

Metastatic disease
Non-curative resection

Bakaeen®® 1976-1996

68

TNM stage lI/IV

Positive margins

Weight loss

Lymph node involvement

technique has been primarily applied to
the evaluation of obscure gastrointestinal
bleeding, where it has shown superiority
over other imaging and endoscopic
techniques?

In a large retrospective review of 562
patients who underwent capsule endos-
copy for various reasons at Mount Sinai
Hospital from 2001 to 2003, small bowel
tumors were found in 8.9% of cases® In

underwent capsule endoscopy for evalua-
tion of obscure gastrointestinal bleeding,
the rate of diagnosing small bowel tumors
rose to 13%.

In a study evaluating capsule endoscopy
in 60 patients with suspected small bowel
pathology, but without gastrointestinal
bleeding, the overall diagnostic yield of
capsule endoscopy was 62%2' In this
study, all patients had undergone upper

many had undergone enteroclysis, small
bowel follow-through, push enteroscopy,
and abdominal CT.

In a meta-analysis evaluating 32 studies
in which capsule endoscopy was prospec-
tively evaluated against a comparator
technique (push enteroscopy, small bowel
series, or colonoscopy with ileoscopy), a
total of 106 neoplasms were identified?
Capsule endoscopy identified 81% of
these lesions while the comparator
technique identified only 37%.

For tumors of the duodenum, endos-
copic ultrasound (EUS) can be useful in
assessing both the depth of invasion and
nodal status. Although not directly studied
for duodenal adenocarcinoma, the use of
EUS has demonstrated improvements in
staging accuracy when applied to the
evaluation of ampullary and pancreatic

cancers®®

PROGNOSIS AND PATTERNS OF
FAILURE

In a review from the National Cancer Data
Base, from 1985 to 1995 5-year disease-
specific survival by stage was 65% for
stage |, 48% for stage Il, 35% for stage Ill,
and 4% for stage IV** The various factors
that have been associated with poor prog-
nosis in multivariate analyses from the liter-
ature are reported in Table 2. Advanced
disease stage, poor histologic differentia-
tion, elderly age, duodenal primary, and
positive margins are associated with a
worse prognosis. Whether the poor out-
come for duodenal adenocarcinomas
relates to the complex retroperitoneal
anatomy of the duodenum or to an intrinsic
difference in tumor biology from jejunal

patients younger than 50 years old who and lower gastrointestinal endoscopy, and and ileal tumors is not known. Other
Table 3. Patterns of recurrence following definitive surgical resection
No. relapsed Pattern of relapse
Study Time period No. resected Total (%) Local (%) Distant (%)
Small intestine
Agarwal®’ 1971-2005 30 21 (70) 6 (29) 20 (95)
wu® 1983-2003 43 19 (44) 0 (0) 19 (100)
Dabaja*®® 1978-1998 146 56 (38) 10 7) 48 (33)
Bauer®® 1971-1991 38 32 (84) 6 (19) 26 (81)
Duodenum
Kelsey® 1975-2005 31 NR 12 13
Swartz®® 1994-2003 14 7 (50) 1 (14) 7 (100)
Bakaeen®® 1976-1996 68 25 (37) 14 (56) 21 (84)
Barnes® 1967-1991 36 18 (50) 6 (33) 12 (66)
Abbreviations: No. = number; NR = not reported
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Tabhle 4. Studies of adjuvant therapy for small bowel adenocarcinoma
Median overall
Patient numbers survival (mos)

Time Institution/ Tumor Adjuvant No No

Author period organization location treatment Total adjuvant Adjuvant adjuvant Adjuvant P value

Agrawal®  1971- Retrospective review, Small bowel Chemotherapy 30 19 11 41 56 NR
2005 Roswell Park

Kelsey®” 1975- Retrospective review, Duodenum 5-FU/Radiation 32 16 16 44%* 57%* 0.42
2005 Duke University

Fishman**  1986- Retrospective review, Small bowel Chemotherapy 60 45 15 28 22 NR
2004 Princess Margaret

Hospital

Dabaja® 1978- Retrospective review, Small bowel Chemotherapy 120 62 58 36 19 0.49
1998 M. D. Anderson

Klinkenbiji*? 1987— Randomized phase llI, Periampullary 5-FU/Radiation 93 49 44 40 40 0.74
1995 EORTC

Sohn® 1984- Retrospective review, Duodenum 5-FU/Radiation 48 37 11 35 27 0.73
1996 Johns Hopkins Hospital

*5-year overall survival

Abbreviations: NR = not reported; EORTC = European Organization for Research and Treatment of Cancer; 5-FU = 5-fluorouracil; mos = months

factors that have been associated with
worse outcome in the literature are the
presence of Crohn’s disease and patho-
logic evidence of vascular invasion!**

The pattern of failure for small bowel
adenocarcinoma is predominantly systemic
(Table 3). In one series of 146 patients who
underwent resection, 56 patients relapsed
at a median time of 25 months, with sites
of recurrence reported as distant in 33
patients, peritoneal carcinomatosis in 11
patients, abdominal wall in 4 patients, and
local in 10 patients In a second study of
30 patients who underwent curative resec-
tion for small bowel adenocarcinoma, 21
relapsed, with the most common sites
being the liver in 67%, lung in 38%,
retroperitoneum in 29%, and peritoneal
carcinomatosis in 25%.%

Of note, patients with duodenal adeno-
carcinoma have a higher local failure rate
compared with patients with adenocarci-
noma of the jejunem or ileum. One study
reported a 39% rate of local-regional
failure among 31 curatively resected
patients® In this study, positive margin
status was the strongest predictor of local
recurrence, with four out of five patients
who had either microscopic or macro-
scopic positive margins developing local
failure. As Table 3 shows, however, distant
failure remains the primary pattern of
failure for resected adenocarcinomas of
the duodenum.

May/June 2009

ADJUVANT THERAPY

At present, there is no evidence showing a
benefit from the use of adjuvant chemo-
therapy following curative resection in pa-
tients with small bowel adenocarcinoma.
All available data, shown in Table 4, are
drawn from small single-institution retro-
spective reports, which are all limited by
significant selection bias. In these retro-
spective studies, it is very likely that those
patients selected to receive adjuvant
therapy were at highest risk for disease
recurrence and therefore represent a
group with worse overall prognosis com-
pared to those patients who did not receive
any adjuvant therapy. Though not fully
detailed in these studies, the mainstay of
chemotherapy used for adjuvant treatment
was probably single-agent 5-fluorouracil
(5-FU).

Despite these negative studies, the
primarily distant failure pattern for patients
with small bowel adenocarcinoma argues
for further investigation of systemic adju-
vant therapy. This is particularly true given
the marked improvement in activity that
has recently been demonstrated with the
addition of oxaliplatin to 5-FU in the meta-
static setting. Patients with lymph node
involvement following curative resection,
are at extremely high risk for disease recur-
rence, with recent series from large aca-
demic institutions reporting 5-year overall
survival rates of only 22%-27%3%
Clearly, a means of improving outcomes for

these patients is needed.

The role of radiotherapy as a compo-
nent of adjuvant therapy for duodenal
adenocarcinoma has been studied in a
limited fashion. One prospective phase-IlI
study conducted by the European
Organization for Research and Treatment
of Cancer (EORTC) evaluated the role of
concurrent 5-FU and radiotherapy as adju-
vant therapy in patients with pancreatic
and periampullary carcinoma, which was
defined as adenocarcinoma of the distal
common bile duct, ampulla of Vater, or
duodenum. A total of 93 patients with
periampullary cancer were randomized to
either observation or concurrent 5-FU and
radiotherapy®' Five-year overall survival
between the two groups was equal.

In a recent series from Duke University,
no difference in 5-year overall survival was
seen between patients who did or did not
receive concurrent 5-FU and radiotherapy
as adjuvant or neoadjuvant therapy.
However, in the subgroup of patients who
had a margin-negative resection (n = 25),
B-year overall survival was 53% in the
surgery-alone group and 83% in the
chemoradiotherapy group (P =.07)%

The role of neoadjuvant chemoradio-
therapy for duodenal adenocarcinoma has
been studied in small numbers. An initial
report from Fox Chase Cancer Center
reported complete pathologic responses
in four of four patients treated with radio-
therapy and concurrent 5-FU and mito-
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Tahle 5. Studies of systemic chemotherapy for advanced small bowel adenocarcinoma

Author Year Study No. pts Chemotherapy RR (%) Median 0S (mos)
Suenaga® 2009 Retrospective review 10 5-FU single agent 10 12
Overman*® 2008 Prospective phase |l 30 CAPOX 50 20.4
Ono®! 2008 Retrospective review 10 Cisplatin + irinotecan 12.5 17.3
Overman5! 2008 Retrospective review é? \5/;:;; zlga:nnt:m Lllé 1fé8
Fishman*® 2007 Retrospective review 44 Various agents 29 18.6
Locher®® 2005 Retrospective review 20 5-FU + platinum 21 14
Gibson? 2005 Prospective phase |l 38 FAM 18 8
Enzinger’? 2005 Prospective phase | 4 5-FU + cisplatin + irinotecan 50 NR
Czaykowski®® 2007 Retrospective review 16 5-FU based 6 15.6
Goetz** 2003 Prospective phase 1 5 5-FU + oxaliplatin + irinotecan 40 NR
Polyzos®® 2003 Case series Irinotecan 0 NR
Crawley® 1998 Retrospective review 8 ECF and 5-FU based 37 13
Jigyasu®® 1984 Retrospective review 14 5-FU based 7 9
Ouriel®’ 1984 Retrospective review 14 5-FU based NR 10.7
Morgan®® 1977 Retrospective review 7 5-FU based 0 NR
Rochlin*® 1965 Retrospective review 11 5-FU single agent 36 NR
Abbreviations: No. = number; RR = response rate; OS = overall survival; NR = not reported; 5-FU = 5-fluorouracil; FAM = 5-FU/doxorubicin/mitomycin C;
ECF = 5-FU/epirubicin/cisplatin; CAPOX = capecitabine/oxaliplatin; mos = months

mycin-C* However, a larger report from
Duke University noted complete pathologic
responses in only 2 of 11 patients treated
with neoadjuvant 5-FU-based chemora-
diotherapy® Interestingly, none of these
patients had lymph node involvement at
the time of surgical resection, though no
description of pretreatment radiographic
staging was reported.

Despite the lack of evidence supporting
the use of adjuvant chemotherapy, data
from the National Cancer Data Base demon-
strates a dramatic increase in its use, from
8.1% in 1985 to 23.8% in 20052 It is likely
that the proven benefit of adjuvant chemo-
therapy in colorectal cancer is being
applied to clinical decision making for
patients with small bowel adenocarcinoma.
Determining the benefit of adjuvant
therapy for this disease will require a
prospective randomized trial, which, given
the rarity of this cancer, is unlikely to occur.
An alternative to this strategy would be to
generate larger data sets through the
collaboration of multiple academic centers.

SYSTEMIC CHEMOTHERAPY

The benefit of palliative chemotherapy com-
pared to best supportive care has not been
evaluated prospectively in this cancer. A
number of single-institution retrospective
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analyses of patients who did and did not
receive palliative chemotherapy have
shown a survival benefit with the use of
palliative chemotherapy®**** In the largest
series from the Princess Margaret Hospital
in Canada, 44 patients with advanced small
bowel adenocarcinoma who received palli-
ative chemotherapy had a median overall
survival of 18.6 months compared to a
median overall survival of 13.4 months in
61 patients who did not receive palliative
chemotherapy (P = .035)* However, part
or all of this survival benefit may be related
to selection bias. In an attempt to address
this concern, the authors noted that no
statistically  significant difference in
performance status existed between the
two groups.

In the first report of chemotherapy for
the treatment of small bowel carincoma,
published in 1965, 4 of 11 patients re-
sponded to single-agent 5-FU* Since
then, a number of primarily retrospective
studies have been conducted to evaluate
various chemotherapy combinations for
this cancer (Table 5). Single-agent 5-FU
remains an active agent for this disease,
though it is likely less active than initially
thought, with a recent study reporting only
one response among 10 treated patients*®
This is probably explained by the use of

more reliable cross-sectional imaging to
determine objective tumor responses.

Only two prospective studies have been
conducted on this tumor. One multicenter
study conducted by the Eastern Coop-
erative Oncology Group (ECOG) reported
on the combination of 5-FU, doxorubicin,
and mitomycin C (FAM) in 39 patients with
adenocarcinoma of the small bowel or
ampulla of Vater. The overall response rate
was 18%, with a median overall survival of
8 months*’

A second single-institution study con-
ducted at M. D. Anderson Cancer Center
evaluated the combination of capecitabine
and oxaliplatin (CAPOX) in 30 patients with
either metastatic or locally advanced small
bowel or ampullary adenocarcinoma. The
overall response rate was 50%, with a
median time to progression of 9.8 months
and a median overall survival of 20.3
months®® For the 25 patients with
metastatic disease, the response rate was
52%, with a median overall survival of 15.5
months. In the 18 patients who had small
bowel adenocarcinoma, the response rate
was 61%, with a median time to progres-
sion of 9.8 months and median overall
survival of 20.4 months. Of note, 10% of
treated patients had a complete radio-
graphic response to CAPOX.

Volume 3 e Issue 3



Other retrospective studies support the
antitumor activity of 5-FU combined with a
platinum agent in this tumor type, with re-
ported response rates of 18%—46% 473!
In one of the largest retrospective studies
conducted to date, a total of 80 patients with
metastatic disease who received front-line
chemotherapy from 1978 to 2005 at M. D.
Anderson Cancer Center were analyzed®
Twenty-nine patients received 5-FU with a
platinum agent (cisplatin in 19, carboplatin
in 4, oxaliplatin in 6), 41 patients received
5-FU-based therapy without a platinum
(5-FU alone in 32, FAM in 3, other 5-FU
combinations in 6), and 10 received non-
platinum and non-5-FU-based therapy.
When compared to patients receiving a
non-platinum-containing regimen, patients
who received 5-FU combined with a plati-
num compound had an improvement in
response rate (46% vs. 16%, P < .01) and
an improvement in median progression-
free survival (8.7 months vs. 3.9 months, P
< .01). Although not statistically signifi-
cant, there was a trend in median overall
survival favoring the combination of 5-FU
and a platinum agent (14.8 months vs. 12
months, P=.1).

A preliminary report of a retrospective
French multicenter study has further con-
firmed the activity of the FOLFOX (folinic
acid/5-FU/oxaliplatin) regimen. In this
report, 48 patients with advanced cancer
who received FOLFOX as front-line therapy
had a median progression-free survival of
7.4 months and median overall survival of
17.8 months *

Irinotecan has demonstrated activity in
this disease type, with one retrospective
study reporting 5 of 12 patients responding
to irinotecan-based therapy —six patients
received FOLFIRI (folinic acid/5-FU/irino-
tecan), two received XELIRI (capecitabine/
irinotecan), and four were treated with
single-agent irinotecan® A second study of
salvage therapy with FOLFIRI in the
second-line setting reported stable disease
in 4 of 8 patients and a median progres-
sion-free survival of 5 months®

Limited data exist regarding other
chemotherapy agents. Gemcitabine appears
to have some activity, with four of eight
patients responding to the combination of
gemcitabine and 5-FU* A second study
reported a response in the salvage setting
with single-agent gemcitabine in one of two
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treated patients® The role of targeted ther-
apies, such as anti-vascular endothelial
growth factor receptor (VEGFR) or anti-epi-
dermal growth factor receptor (EGFR) thera-
pies, has not been evaluated in this cancer.

DISCUSSION

Adenocarcinoma of the small intestine is
forty- to fiftyfold less common than adeno-
carcinoma of the large intestine. The ex-
planation for this dramatic difference in
incidence is not known and further re-
search to understand this disparity would
likely provide insights into the mechanisms
of carcinogenesis at both sites. The use of
wireless capsule endoscopy has greatly
facilitated the workup of small bowel malig-
nancy, and approximately 5%-10% of pa-
tients evaluated for obscure gastrointestinal
bleeding will have a small bowel tumor.

Following curative resection, patients
with lymph node involvement or positive
margins have a particularly poor outcome.
Only a limited number of single-institution
retrospective studies have evaluated the
role of adjuvant chemotherapy. None of
these studies have demonstrated a benefit
with adjuvant chemotherapy, though small
sample sizes and the retrospective nature
of these analyses limit the interpretation of
these results. In patients with resected
margin-negative duodenal adenocarci-
noma, one retrospective study suggested a
benefit from adjuvant 5-FU-based chemo-
radiotherapy.

Systemic chemotherapy for patients with
advanced disease appears to provide a
survival benefit, and encouraging median
survivals in the range of 14 to 20 months
have been seen with modern chemotherapy
combinations. Capecitabine or infusional
5-FU combined with oxaliplatin appears to
be one of the most active combinations
and should be considered for the front-line
treatment of patients with this cancer.
Improved outcomes with modern chemo-
therapy combinations in patients with
advanced disease are encouraging, but
further research and improved treatments
for this orphan malignancy are needed.

REFERENCES

1. Jemal A, Siegel R, Ward E, et al: Cancer statis-
tics, 2008. CA Cancer J Clin 58:71-96, 2008

2. Bilimoria KY, Bentrem DJ, Wayne JD, et al:
Small bowel cancer in the United States:

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

changes in epidemiology, treatment, and sur-
vival over the last 20 vyears. Ann Surg
249:63-71, 2009

DeSesso JM, Jacobson CF: Anatomical and
physiological parameters affecting gastrointesti-
nal absorption in humans and rats. Food Chem
Toxicol 39:209-228, 2001

Neugut Al, Santos J: The association between
cancers of the small and large bowel. Cancer
Epidemiol Biomarkers Prev 2:551-553, 1993

Cross AJ, Leitzmann MF, Subar AF, et al: A
prospective study of meat and fat intake in rela-
tion to small intestinal cancer. Cancer Res
68:9274-9279, 2008

Negri E, Bosetti C, La Vecchia C, et al: Risk fac-
tors for adenocarcinoma of the small intestine.
Int J Cancer 82:171-174, 1999

Schatzkin A, Park Y, Leitzmann MF, et al: Pro-
spective study of dietary fiber, whole grain
foods, and small intestinal cancer. Gastro-
enterology 135:1163-1167, 2008

Sellner F: Investigations on the significance of
the adenoma-carcinoma sequence in the small
bowel. Cancer 66:702-715, 1990

Perzin KH, Bridge MF: Adenomas of the small
intestine: a clinicopathologic review of 51 cases
and a study of their relationship to carcinoma.
Cancer 48:799-819, 1981

River L, Silverstein J, Tope JW: Benign neoplasms
of the small intestine; a critical comprehensive
review with reports of 20 new cases. Surg
Gynecol Obstet 102:1-38, 1956

Planck M, Ericson K, Piotrowska Z, et al: Micro-
satellite instability and expression of MLH1 and
MSH2 in carcinomas of the small intestine.
Cancer 97:1551-1557, 2003

Brucher BL, Stein HJ, Roder JD, et al: New
aspects of prognostic factors in adenocarcino-
mas of the small bowel. Hepatogastro-
enterology 48:727-732, 2001

Rodriguez-Bigas M, Vasen HF, Lynch HAT, et
al: Characteristics of small bowel carcinoma in
hereditary nonpolyposis colorectal carcinoma.
International Collaborative Group on HNPCC.
Cancer 83:240-244, 1998

Arai M, Shimizu S, Imai Y, et al: Mutations of
the Ki-ras, p53 and APC genes in adenocarci-
nomas of the human small intestine. Int J
Cancer 70:390-395, 1997

Svrcek M, Jourdan F, Sebbagh N, et al: Immuno-
histochemical analysis of adenocarcinoma of
the small intestine: a tissue microarray study. J
Clin Pathol 56:898-903, 2003

Blaeker H, Helmchen B, Bonisch A, et al:
Mutational activation of the RAS-RAF-MAPK
and the Wnt pathway in small intestinal adeno-
carcinomas. Scand J Gastroenterol 39:748-
753, 2004

Wheeler JM, Warren BF, Mortensen NJ, et al:
An insight into the genetic pathway of adeno-
carcinoma of the small intestine. Gut 50:218—
223, 2002

Miyaki M, Konishi M, Kikuchi-Yanoshita R, et
al: Characteristics of somatic mutation of the
adenomatous polyposis coli gene in colorectal
tumors. Cancer Res 54:3011-3020, 1994
Maglinte DD, O’Connor K, Bessette J, et al: The
role of the physician in the late diagnosis of pri-
mary malignant tumors of the small intestine.
Am J Gastroenterol 86:304-308, 1991

www.myGCRonline.org

95



96

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

. J. Overman

Carnazzo SA, Laurentini GM, Fasone MA, et al:
Primary small bowel adenocarcinoma: a single
centre evaluation of survival. Dig Liver Dis 36:
782-783, 2004

Greene FL, Page DL, Fleming ID, et al: AJCC
Cancer Staging Manual. (ed 6) New York, NY:
Springer, 2002

Bessette JR, Maglinte DD, Kelvin FM, et al:
Primary malignant tumors in the small bowel: a
comparison of the small-bowel enema and con-
ventional follow-through examination. AJR Am
J Roentgenol 153:741-744, 1989

Bruneton JN, Drouillard J, Bourry J, et al:
Adenocarcinoma of the small intestine. Current
state of diagnosis and treatment. A study of 27
cases and a review of the literature. J Radiol
64:117-123, 1983

Buckley JA, Siegelman SS, Jones B, et al: The
accuracy of CT staging of small bowel adeno-
carcinoma: CT/pathologic correlation. J Comput
Assist Tomogr 21:986-991, 1997

Laurent F, Raynaud M, Biset JM, et al: Diag-
nosis and categorization of small bowel neo-
plasms: role of computed tomography. Gastro-
intest Radiol 16:115-119, 1991

Pilleul F, Penigaud M, Milot L, et al: Possible
small-bowel neoplasms: contrast-enhanced
and water-enhanced multidetector CT entero-
clysis. Radiology 241:796-801, 2006

Chong AK, Chin BW, Meredith CG: Clinically
significant small-bowel pathology identified by
double-balloon enteroscopy but missed by cap-
sule endoscopy. Gastrointest Endosc 64:445—
449, 2006

Ross A, Mehdizadeh S, Tokar J, et al: Double
balloon enteroscopy detects small bowel mass
lesions missed by capsule endoscopy. Dig Dis
Sci 53:2140-2143, 2008

Lewis BS, Eisen GM, Friedman S: A pooled
analysis to evaluate results of capsule endo-
scopy trials. Endoscopy 37:960-965, 2005

Cobrin G, Pittman R, Lewis B: Diagnosing small
bowel tumors with capsule endoscopy. 2005
Gastrointestinal Cancers Symposium, Miami,
Fl, January 27-29, 2005 (abstr 86)

Sturniolo GC, Di Leo V, Vettorato MG, et al:
Clinical relevance of small-bowel findings
detected by wireless capsule endoscopy. Scand
J Gastroenterol 40:725-733, 2005

Midwinter MJ, Beveridge CJ, Wilsdon JB, et al:
Correlation between spiral computed tomogra-
phy, endoscopic ultrasonography and findings
at operation in pancreatic and ampullary
tumours. BrJ Surg 86:189-193, 1999

Oh YS, Early DS, Azar RR: Clinical applications
of endoscopic ultrasound to oncology. Oncology
68:526-637, 2005

Howe JR, Karnell LH, Menck HR, et al: The
American College of Surgeons Commission on
Cancer and the American Cancer Society.
Adenocarcinoma of the small bowel: review of
the National Cancer Data Base, 1985-1995.
Cancer 86:2693-2706, 1999

Abrahams NA, Halverson A, Fazio VW, et al:
Adenocarcinoma of the small bowel: a study of 37
cases with emphasis on histologic prognostic
factors. Dis Colon Rectum 45:1496-1502, 2002

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Dabaja BS, Suki D, Pro B, et al: Adenocar-
cinoma of the small bowel: presentation, prog-
nostic factors, and outcome of 217 patients.
Cancer 101:518-526, 2004

Agrawal S, McCarron EC, Gibbs JF, et al: Sur-
gical management and outcome in primary
adenocarcinoma of the small bowel. Ann Surg
Oncol 14:2263-2269, 2007

Kelsey CR, Nelson JW, Willett CG, et al: Duo-
denal adenocarcinoma: patterns of failure after
resection and the role of chemoradiotherapy.
IntJ Radiat Oncol Biol Phys 69:1436-1441, 2007
Talamonti MS, Goetz LH, Rao S, et al: Primary
cancers of the small bowel: analysis of prognos-
tic factors and results of surgical management.
Arch Surg 137:564-571, 2002

Ito H, Perez A, Brooks DC, et al: Surgical treat-
ment of small bowel cancer: a 20-year single
institution experience. J Gastrointest Surg
7:925-930, 2003

Klinkenbijl JH, Jeekel J, Sahmoud T, et al: Ad-
juvant radiotherapy and 5-fluorouracil after cur-
ative resection of cancer of the pancreas and
periampullary region: phase Il trial of the
EORTC gastrointestinal tract cancer cooperative
group. Ann Surg 230:776-784, 1999

Yeung RS, Weese JL, Hoffman JP, et al: Neo-
adjuvant chemoradiation in pancreatic and
duodenal carcinoma. A phase Il study. Cancer
72:2124-2133, 1993

Fishman PN, Pond GR, Moore MJ, et al: Natural
history and chemotherapy effectiveness for
advanced adenocarcinoma of the small bowel:
a retrospective review of 113 cases. Am J Clin
Oncol 29:225-231, 2006

Halfdanarson T, Quevedo F, McWilliams RR:
Small bowel adenocarcinoma: A review of 491
cases. J Clin Oncol 24:209, 2006 (abstr 4127)
Rochlin DB, Smart CR, Silva A: Chemotherapy
of malignancies of the gastrointestinal tract. Am
J Surg 109:43-46, 1965

Suenaga M, Mizunuma N, Chin K, et al: Chemo-
therapy for small-bowel adenocarcinoma at a
single institution. Surg Today 39:27-31, 2009

Gibson MK, Holcroft CA, Kvols LK, et al: Phase
II'study of 5-fluorouracil, doxorubicin, and mit-
omycin C for metastatic small bowel adenocar-
cinoma. Oncologist 10:132-137, 2005

Overman MJ, Varadhachary GR, Kopetz S, et al:
Phase Il study of capecitabine and oxaliplatin
for advanced adenocarcinoma of the small bowel
and ampulla of Vater. J Clin Oncol 2009 (in press)

Crawley C, Ross P, Norman A, et al: The Royal
Marsden experience of a small bowel adenocar-
cinoma treated with protracted venous infusion
5-fluorouracil. Br J Cancer 78:508-510, 1998
Locher C, Malka D, Boige V, et al: Combination
chemotherapy in advanced small bowel adeno-
carcinoma. Oncology 69:290-294, 2005
Overman MJ, Kopetz S, Wen S, et al: Chemo-
therapy with 5-fluorouracil and a platinum com-
pound improves outcomes in metastatic small
bowel adenocarcinoma. Cancer 113:2038-
2045, 2008

Zaanan A, Costes L, Liegard M, et al: Final
analysis of the multicentric retrospective AGEO
study on 99 advanced small bowel adenocarci-

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

nomas. Presented at the ASCO GI Symposium
2009. San Francisio, CA, January 15-17, 2009
(abstr 238)

Wu TJ, Yeh CN, Chao TC, et al: Prognostic fac-
tors of primary small bowel adenocarcinoma:
univariate and multivariate analysis. World J
Surg 30:391-399, 2006

Rose DM, Hochwald SN, Klimstra DS, et al:
Primary duodenal adenocarcinoma: a ten-year
experience with 79 patients. J Am Coll Surg
183:89-96, 1996

Bakaeen FG, Murr MM, Sarr MG, et al: What prog-
nostic factors are important in duodenal adeno-
carcinoma? Arch Surg 135:635-642, 2000

Bauer RL, Palmer ML, Bauer AM, et al: Adeno-
carcinoma of the small intestine: 21-year review
of diagnosis, treatment, and prognosis. Ann
Surg Oncol 1:183-188, 1994

Kelsey CR, Nelson J, Willett CG, et al: Adeno-
carcinoma of the duodenum: The role of radiation
therapy. Presented at the ASCO Gl Symposium
Gastrointestinal Cancers Symposium 2007,
Orlando, FL, January 19-21, 2007 (abstr 185)

Swartz MJ, Hughes MA, Frassica DA, et al:
Adjuvant concurrent chemoradiation for node-
positive adenocarcinoma of the duodenum.
Arch Surg 142:285-288, 2007

Barnes G Jr, Romero L, Hess KR, et al: Primary
adenocarcinoma of the duodenum: manage-
ment and survival in 67 patients. Ann Surg
Oncol 1:73-78, 1994

Sohn TA, Lillemoe KD, Cameron JL, et al:
Adenocarcinoma of the duodenum: factors
influencing long-term survival. J Gastrointest
Surg 2:79-87, 1998

Ono M, Shirao K, Takashima A, et al: Combi-
nation chemotherapy with cisplatin and irinote-
can in patients with adenocarcinoma of the
small intestine. Gastric Cancer 11:201-205, 2008

Enzinger PC, Earl C, Zhu A, et al: Phase | Dose-
finding and pharmacologic study of cisplatin,
irinotecan, and either capecitabine or infusion-
al 5-FU in patients with advanced gastrointesti-
nal malignancies. Presented at the ASCO 2005
Gastrointestinal Cancers Symposium, 2005
Miami, Fl, January 27-29, 2005 (abstr 28)

Curnow RT: Clinical experience with CD64-
directed immunotherapy. An overview. Cancer
Immunol Immunother 45:210-215, 1997

Goetz MP, Erlichman C, Windebank AJ, et al:
Phase | and pharmacokinetic study of two dif-
ferent schedules of oxaliplatin, irinotecan, fluo-
rouracil, and leucovorin in patients with solid
tumors. J Clin Oncol 21:3761-3769, 2003
Polyzos A, Kouraklis G, Giannopoulos A, et al:
Irinotecan as salvage chemotherapy for ad-
vanced small bowel adenocarcinoma: a series of
three patients. J Chemother 15:503-506, 2003
Jigyasu D, Bedikian AY, Stroehlein JR: Chemo-
therapy for primary adenocarcinoma of the
small bowel. Cancer 53:23-25, 1984

Ouriel K, Adams JT: Adenocarcinoma of the
small intestine. Am J Surg 147:66-71, 1984
Morgan DF, Busuttil RW: Primary adenocarci-
noma of the small intestine. Am J Surg 134:
331-333, 1977

Disclosures of Potential Conflicts of Interest
Dr. Overman holds a research grant from sanofi-aventis.

Gastrointestinal Cancer Research

Volume 3 e Issue 3



